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(54) Brightness control and halftoning in optical display system 

(57) A display apparatus includes a passive display, 
a light source, and a video signal input, in operation in 
response to a video signal the passive display modu- 
lates light from the light source to provide an image, and 
the intensity of the light source is controlled by the video 
signal. 

A method of producing a displayed image using a 
passive display illuminated by a light source is charac- 



terized in controlling the light source to obtain a dis- 
played image with a desired amount of information, gray 
scale and/or color characteristics. 

A method of reducing power consumption by a dis- 
play system in which a light modulating display modu- 
lates incident light from a light source to provide images 
is characterized in controlling power provided to the light 
source to reduce output thereof for relatively dark imag- 
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Description 

CROSS REFERENCE TO RELATED PATENTS AND PATENT APPLICATIONS 

[0001] Reference is made to commonly owned co-pending U.S. patent applications Serial No. 08/187,162, 
08/187,050, and 08/187,163, filed January 25, 1994 (now, respectively, U.S. Patents Nos. 5,541 ,745 issued July 3o' 
1996, 5,532,854 issued July 2, 1996, and 5,717,422 issued February 10, 1998); Serial No. 08/275,907 filed July 5* 
1 994 (now U.S. Patent No. 5,51 9,524 issued May 21 , 1 996); Serial No. 08/328,375, filed October 25, 1 994 (now U.s' 
Patent No. 5,537,256 issued July 16, 1996); Serial No. 08/392,055, filed February 22, 1995 (now U.S. Patent No 
5,572,341 issued November 5, 1996); Serial No. 08/398,292, filed March 3, 1995 (now U.S. Patent No 5 715 029 
issued February 3, 1998); Serial No. 08/295,383, filed August 24, 1994 (now U.S. Patent No. 5,621 572 issued April 
15, 1997); Serial No. 08/328,371 , filed October 25. 1994 (now U.S. Patent No. 5,858,589 issued September15, 1998)- 
Serial No. 08/383,466, filed February 3, 1 995 (now U.S. Patent No. 5,606,458 issued February5, i 997); and provisional 
patent applications Serial No. 60/002,780 entitled Optical system and method for a head mounted display providing 
both front and peripheral fields of view and Serial No. 60/002,779 entitled Monocular viewing device with retroreflector 
display system, telecommunication system, and method, both filed July 1 9, 1 995. The entire disclosures thereof hereby 
are incorporated by reference. 

TECHNICAL FIELD 

[0002] The present invention relates generally, as is indicated, to optical display system and method, active and 
passive dithering using birefringence, color image superpositioning, and display enhancement with phase coordinated 
polarization switching. The present invention also relates to dithering systems for optical displays and methods, and, 
more particularly, to passive dithering systems and methods for changing the location of an optical signal and for 
improving an optical display. The present invention also relates to the enhancing of optical displays and methods to 
enhance such displays, and, more particularly, to enhancing optical displays and methods by coordinating the phase 
of switching light with the dynamic operation of the displayed image developing device. 

BACKGROUND 



[0003] The present invention may be used with various types of displays and systems. Exemplary displays are a 
liquid crystal display (sometimes referred to herein as "LCD"), especially those which modulate light transmitted there- 
through, reflective liquid crystal displays, and so on. 

[0004] Conventional optical displays typically display graphic visual information, such as computer generated graph- 
ics, and pictures generated from video signals, such as from a VCR, from a broadcast television signal, etc.; the pictures 
may be static or still or they may be moving pictures, as in a movie or in a cartoon, for example. Conventional displays 
also may present visual information of the alphanumeric type, such as numbers, letters, words, and/or other symbols 
(whether in the English language or in another language). Visual information viewed by a person (or by a machine or 
detector) usually is in the form of visible light. Such visible light is referred to as a light signal or an optical signal. The 
term optical signal with which the invention may be used includes visible light, infrared light, and ultraviolet light, the 
latter two sometimes being referred to as electromagnetic radiation rather than light. The optical signal may be in the 
form of a single light ray, a light beam made up of a plurality of light rays, a light signal such as a logic one or a logic 
zero signal used in an optical computer, for example, or the above-mentioned alphanumeric or graphics type display 
Thus, as the invention is described herein, it is useful with optical signals of various types used for various purposes! 
Therefore, in the present invention reference to optical signal, light ray, light beam, light signal, visual information, etc., 
may be used generally equivalently and interchangeably. 

[0005] In an exemplary liquid crystal display sometimes referred to as an image source, there usually are a plurality 
of picture elements, sometimes referred to as pixels or pels, and these pixels can be selectively operated to produce 
a visual output in the form of a picture, alphanumeric information, etc. Various techniques are used to provide signals 
to the pixels. One technique is to use a common electrode on one plate of a liquid crystal cell which forms the display 
and an active matrix electrode array, such as that formed by thin film transistors (TFT), on the other plate of the liquid 
crystal cell. Various techniques are used to provide electrical signals to the TFT array to cause a particular type of 
optical output from respective pixels. Another technique to provide signals to the pixels is to use two arrays of crossed 
electrodes on respective substrates of an LCD; by applying or not applying a voltage or electric field between a pair 
of crossed electrodes, a particular optical output can be obtained. 

[0006] One factor in determining resolution of a liquid crystal display is the number of pixels per unit area of the liquid 
crystal display. For example, Sony Corporation recently announced a 1 .35 inch diagonal high resolution liquid crystal 
display which has 513,000 pixels arranged in 480 rows of 1,068 pixels per row. 
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rooOTI The picture elements (pixels or pels) may be discrete pixels, blocks or areas where an optical signal can be 
SpeXSot reflect on. transmission, etc. such as the numerous pixels in the miniature image source of 

from the device, or that the pixel has its other condrtion of not producing or providing a W ■ «f ' a "** e 

optTcal signal aiso may be various brightnesses of light or shades of gray. Alternatively, the optical output or optical 
sional produced by a pixel may be a color or light of a particular color. . _ . 

Th pJs may be a plurality of blocks or dots arranged in a number of lines or may be *™»««"^ 
Hots randomly located or grouped in a pattern on the display or image source (source of the optical signal^ The 
p xete may be a number of lines or locations along the raster lines that are scanned In a C ™^^^*£ 
may be one or a group of phosphor dots or the like at particular locations, such as along a line "* C ™ oroth J\^* f 
Th?' optica! signal produced by one or more pixels may be the delivery of light from that pixel or the non-deHvery o 
It ftK^M or various brightnesses or shades of gray. To obtain operation of a pixel, for example, the pfce. 
may belergized or not. In some devices energizing the pixel may cause the P bce. to provide a light output, and in 
Sherde^henon^nergizingofthepixelmay cause the providingofalightou^ 

may cause the opposite light output condition. It also is possible that the nature of the Ight output may ^ependem 
oX degree of energization of a pixel, such as by providing the pixel with a relatively ow voltage or relatively high 
voltaqe to obtain respective optical output signals (on and off or off and on, respectively). _ . a 

roool] For example, in a conventional twisted nematic liquid crystal display device, polanzed light is received by a 
Ecrvsta ceH and depending on whether the liquid crystal cell receives or does not receive a satisfactory voltage 
KS ^^ll of the light output by the liquid crystal cel. wii. or will not be rotated; and Spending on 
hau^ 

retardation device that has variable birefringence, such as those disclosed in U .S. Patents Nos. 4,385,806, 4.540.Z43, 

p^ded by the liquid crystal cell, plane polarized light may be rotated, and the optical output can be determined as ,a 
func ion ofL direction of the plane of polarization. In a CRT light emission or not and bnghtness may ^ determined 
by Sm incident on a phosphor at a pixel. In electroluminescent delays and plasma displays light output may be 

ssr^rss KLtrsKi -own p.*. use d h ~ a:r g. - 

display systems For example, in NTSC and PAL television type cathode ray tube (CRT) displays it is known that two 
horizontal lines are usedto provide an entire image frame. First one raster or se of hnes is scanned 
to causTone subframe (sometimes referred to as field) to be displayed; and then a second raster or set of lines « 
scanned tocause a second subframe (field) to be displayed. The Metrical signals used to^n one line in o^suMrarne 
Tnd the electrical signals used to scan the relatively adjacent line of the subsequent subframe may be dM* . and 
therefore ^eoptical outputs of those lines may be different. The two raster subframes are presented sufficiently fast 
hat^ 

but rather integrates the two subframes to see a composite image (sometimes referred to as a frame or p cture The 
^bCes are created sequentially by "writing" the image to respective pixels formed by phosphors to which an 
eT^nbeam may be directed in response to electrical signatewhtoh control the electron be^^^^ 
manner After the electron beam has reached the end of rts scanning to create one subframe, ej, the ^last pixeh or 
pTsphor dot area of that field, there is a period of time while the electron beam is rrwriordtad^lt 
of the next subframe. During that period of time a blanking pulse is provided to prevent electrons from being directed 
to phosphor or pis causfng und'esired light emission. Sometimes various circuits of a tension or C rt d ^p, ay are 
synchronized to the operative timing of the television. CRT. etc. by synchronization with such blanking P"'^ 
mv T The density of pixels, e.g. number of pixels per unit area, in aCRT display usually is. in a sense, an analog 
Son Lpend^g on character' iics of the electron beam, drive and control circuitry for the ^am phosphordot 
ZyZ Shadow mask(s), etc., as is known. Usual* a CRT is driven using the interlaced hnes torn,.* , the 
mentioned above. In an LCD, though, there is a fixed number of pixels per line or row; and data, e.g whethera ^en 
SxelTn a row is to transmit light or to block light transmission, usually is written to the pixels a row at a time. The da a 
Ts written to one row. then to the next, and so on, and there usually is no interlacing of row s or of subframes as there 

W^^lS^*" subframes mentioned above usual* are effectively averaged together, when driven 
£ I CRT ty£ Tof interlaced signal, since there usually is no physfcal interlacing of LC D ! pixels to J™""*"** 
s^ra^es as there are respective scan lines of phosphor dots, for example, in a CRT. Rather the electneal Signals 
lines of deferent respective interlaced subframes of a CRT disp.ayboth usua ly a« > delfcered 
to onV a single row of pixels in an LCD. Each pixel responds to the electrical signal applied the^o to transm t or to 
block Tight for example Those two sets of electrical signals are applied to the row of pixels at different times. Therefore 
TonSe agLu row of LCD pixels may present as an optical output optical information from one subframe and at 
a later time present optical information from the other subframe. 
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[0013] In a color display, such as a LCD (liquid crystal display), there usually are red, green and blue pixels which 
form a color tnad (hereinafter referred to as triad). By operating the LCD in such a way that one or more of the pixels 
forming a triad provides (or produces) the respective color light of that pixel, different respective colors and white can 
be produced as output light. For example, if the red pixel of a triad were providing red output light; and the green and 

s blue pixels were not providing output light, the light output from that triad would be red. Further, when two or more 
pixels of a triad are providing light output, a combination of those colors is seen by a person viewing (sometimes 
referred to as the viewer) the light output or image. The viewer usually visually superimposes the output light from the 
pixels of the triad; and the combined or superimposed lights therefrom provide the net effect or integrated light output 
of the tnad. As an example, to produce a white light output from a triad, the red, green and blue pixels of that triad 

o would provide, respectively, red, green and blue light; and those lights would be, in effect, superimposed by the viewer 
and seen as white light. 

[0014] There is a continuing need and/or desire to improve resolution of displays. 

[0015] In the above-mentioned patents are disclosed techniques for actively dithering, moving an optical signal 
changing the location or optical path of an optical signal, etc. for several purposes, such as to increase resolution to 

5 reduce jitter, and so on. There also are disclosed techniques for passive dithering, moving of optical signals etc for 
To™ 6 ? mCreaSe the f '" 1 a ° t0r ° f an ima9e P rovided b V a dis P |a y b V expanding the image or pixels forming the image 
[0016] An LCD using the twisted nematic effect usually cannot switch between transmission states as rapidly as 
changes occur in the applied electrical signal which operates the LCD. For example, the electrical input to a twisted 
nematic LCD can change nearly instantly, but it takes a number of milliseconds for the LCD to respond dynamically to 

» the change in electrical input to change the optical response of the LCD. 

[0017] The displaying of a dark scene using a display device (sometimes referred to as a passive display) which 
modulates light received from a separate light source, encounters a disadvantage which ordinarily is not present for 
displays which produce their own light, such as a cathode ray tube (CRT). The problem has to do with reduced resolution 
and/or contrast of the displayed image. 

[0018] In a CRT, for example, when it is desired to display a dark scene, the intensity of the output light can be 
reduced. The different parts of the dark scene, then, all may be output at the reduced brightness or illuminance level 
All pixels (e.g., picture elements, phosphor dots in a monochrome display or group of three red, green and blue phosphor 
dots for a multicolor display, etc.) of the CRT can be active so that resolution is maintained even though intensity of 
the light produced by the phosphors is reduced. "uensayoi 
[0019] However, in a passive display device, such as a liquid crystal display, an electrochromic display, etc whether 
of the light transmitting type or of the light reflecting type, the usual practice to reduce brightness of a displayed image 
or scene is to reduce the number of pixels which are transmitting light at a particular moment. Such a reduction reduces 
the resolution of the display. Also, such a reduction can reduce the contrast of the display. 

[0020] The human eye has difficulty distinguishing between seeing or recognizing the difference between low and 
high brightness and contrast ranges. This difficulty is increased when the number of pixels is decreased and resolution 
is degraded. 

[0021] It would be desirable to improve the contrast and resolution of passive displays. 

[0022] In U.S. patent application Serial No. 08/187,163 (now U.S. Patent No. 5,717,422) is disclosed a passive 
apparatus, such as an LCD, and method for displaying images with high contrast by controlling the light input to the 
display to control brightness of the output while operating respective pixels of the display to obtain good contrast 
substantially without regard to the output brightness. Different color effects also are disclosed using for example field 
sequential switching of respective color light. However, this is another example of a passive optical device in this case 
an LCD, in which field sequential switching could be improved if coordinated with the delays inherent in the dynamic 
optical response of a liquid crystal cell, for example, relative to the changes in operating signal, such as electric field 
voltage, etc. ' 
[0023] As is described in U.S. patent application Serial No. 08/1 87, 1 63 (now U.S. Patent No. 5,71 7 422) an image 
of a candlelit room would be dim. In the prior art devices a relatively small number of pixels would be used then to 
transmit light to create the image, whereas a relatively large number of pixels would be used to block light transmission 
to give the effect of the reduced intensity or dim room. In the invention of such application, though, the number of pixels 
used to create the image remains constant, and the contrast ratio between one portion and another portion of the 
image remain constant; only the intensity of the illuminating light changes thereby to diminish the brightness of the 
room. Therefore, with the invention image data is not lost regardless of the brightness of the image whereas in the 
prior art image data is lost because the additional pixels are used to brighten or darken the brightness of the image 
[0024] The features of the invention as described in that patent application can be used In a frame sequential basis 
The features of the invention can be used regardless of whether the display is operated in reflective mode or in trans- 
missive mode. Also, the features of the invention can be used in a virtual reality type display in order to provide a very 
wide range of contrast and of image brightness characteristics. The picture information is used to derive the brightness 
of the display, not the surrounding ambient. Using the invention of that application, the amount of information that can 
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be conveyed by the display Is substantially and a di splay with 10 shades of grey, the 

[00251 For example, if there were a grey sea. o 1 "^J^ tK ^,^^^o»l»10^^ 
Lnsrtyoftheilluminatingsourcecanbechan^d^^ 

shades of grey provided by the display ttself ^"f^^btoe) modulation on a field sequential basis, which 
increased by another factor of 1 0 by go.ng to r g, b (red, green m foreg oing is especially important in 

Its the possible of 10 to the 6th f^iS^ 

head mounted displays where immersion in the image J«^2i3Lt ratio of the real image can be adjusted. As a 
there can be high illumination of the scene. ^•^^~°°^ othw example using such invention is the ability 
result, there is a high contrast ^f^^^*^^^ blue and green are minimized, 
to display a sunrise scene in which the red image is e^anced ana ™ » brightness and Image. The Image 

00261 Vhe invention of that application, ^^J^K^S^^ iS the * *" 

pression of a moonlit or candlelit environment. 
SUMMARY 

• , inn th«n one aspect of the invention is to increase the resolution of a display by 
[00271 With the foregoing in mind, then, one aspect oi me 

,0029) As is described lu-the, below, the mvenboe device with another optical device, such as one that 
an LCD. tor example, end the dynamic operation ol such optical oev,c that displays Images m 

sihe; or shK* the location o, the "*^7^"2^tS!2S P-en, images wid, good contrast 

~rZ~^^±==-~ 

using the invention described and claimed below _ invention, then, comprises the features here- 

Sur^^^^ 

[00321 Although the invention ,s shown and ™^ att upon «,e reading and understanding ot the 

of the claims. 

Brief Descrip tion of the Drawings 
[0033] In the annexed drawings: 

to the present invention; . electro-optical dithering system of Fig. 1 ; 

rrranT^r^^ 

' i«m'^^^ 

Fig. 6 is a achematic front view ot the lace or ^^^■J^ aM " w J^»»«^^-«- 
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systems of the invention; 

Fig. 13 is a schematic illustration of the locations of the original pixel images unshifted and n# th„ • , 

images using the dithering system of Fig. 12 in four respective operations ^ ^ 

fo^xamo^nn^ °™ e display output from an optica, display system of the type shown in Fig 12 

and^^ 

Figs 15 and 16 are schematic illustrations of display outputs from an optical display system of the type shown in 

F,g. 1 7 Is a schematic illustration of tho display output from an optical display system ot the toe shown m n. • i a 
tor example, showing shitting of pixel Images according to an exemplary prLodbed pattern^ * ' °' 

,„ % r f°" "* 8,1 ° P " C " 1 diSplay ™ ludl "9 »» domponents to obtain the operation 

. t a f 1 mounte<l >»• b °°™ ^dd'ed display system or other display system 
e F tedmo«e™ ° *P'ay system ,„ eccordan ---•-^.5X5.*..^**, 

u™VdtCXX?^ 

Fig^ 25 is a schematic view of a head mounted display system including a pair of display subsystems in ar ™rr* an ~ 
with various embodiments of the invention; and V SUDs y stems ,n accordance 

Figs. 26-31 are schematic graphical illustrations depicting operation of the invention. 



DESCRIPTION 



S^. 100 ^" * * plav 2 °' produce<1 b " s °™ ° ,n - «"—■! "* 

[0035] The location of the output optical signal 5 is represented by arrows 6a. 5b. Those arrows 5a Sb r«,r«=» n , 

[0037] Dithenng may refer to the physical displacement of an image. An electro-optical dithering system .EDsTSS 
? •/"'J? a ' 0n . 9 an aXfe ,r ° m °" e IOCation t0 a^her and then back to the first, e g u and then down' 

[0038] The electro-optica. dithering system 1 , as it is shown in Fig. 1 .includes birefringTnt materia, which sometimes 
optica, potation chsractensdc ,„ th. Illushaed embodiment the op^p^ln^^^S^ 
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oftheeiectricve^ ' 
referred to as direction of the polarization axis the the birefringent material 1 0 without 

ization of the light, the direction ^^^-^^^^TSJL of polarization may be refracted (bent) by 
being refracted or bent, whereas light having a encounter one index of refraction characteristic, 

the birefringent materia. 1 0. For example p^nepo^ 

such as an ordinary index of ref ract.on charact ertetkv of the ^rtngeni cnara ^ e ristJc, such as the extraordinary 
However, plane polarized light which ^^.f^'^^SSto-^ the birefringent material, both 
index of refraction, of the birefringent material h a sense the birefringent material 10 changes 

ncludes a switch 11 that can be operated o of Fig. 1 refraction of light or trans- 

to change the location of the output opWcaT °" the direction of polarization of plane 

which is able to transmit light to the birefringent material 1 Osuc the 9 ^ ^ _ ^ Qr 

a plane of polarization that can be f an ^^^ e ^^'^ to u such that the output optical signal 5 

the iight incident on the birefringent ma^a. 10 ^^^^^^^ 

occurs at the location of the arrow 5a. and ^ hes ^ h11 ( wkMm6 to an orthogonal direction to the 

of the light incident on the birefringent material J° «^J*^ 0 JJ[ , -lll . loca tion of the arrow 5b. 

first-mentioned plane) thereby to cause the °^ s °^ 

[0041] Alinearpolarizer(sometimesre^ 

2. The Light 4 provided by the display 2 l is plane P°'«^ 

wrth one condition of the switch 1^ 

without refraction so as to appear at location rt ™^ "^^^h. Nation of the arrow 5b. 
the light will be refracted by the *y^^££Z% S5» invention inciudes a material that can move ; 
[0042] With the foregoing in mind, then it win be tn* sjgnai dependjng on a 

!he location of an output optica signal polarized light. The electro-optical dfthering 

discriminate the characteristic of the incident optical signal _ unpo , anZ ed. The polarizer 12 gives the light 

4 540 243 the entire disclosures of which hereby are incorp oraieu uy . linearity of response, and/or for 

m opto, sanaa and operated as ^-^^SSSSS-SSl. ^hartypa'aaf HquMa^a, 
a1harpunx»aaj».axa m pk>.aaisd l s^^ 

?rr^rrs u Tafr» 

linear polarizer 1 2. ^ tharinn w<5tem i is shown in use in an optical display system 1 3 having a trans- 

[0046] in Fig. 2 the electro-optical dithering , system 1 » m bi refringent liquid crystal display, or some 

missive LCD 20. The LCD 20 may be a .^^^^^^ ifght 21 from a light source 22. output light 
other type of liquid crystal display wh.ch produces ,n ;^P°"f o ° '"^J Tne output , igh t23 may be. for example, 
reP reseLdbyanarrow23^ 
; a graphic image, one or more light beams that are ■"JJJ^™ a|Dnanumer ic display, etc. The dithering system 
cryU.d feP .ay20,etc. The graphic^ 

l*2T£22Z£^ A» °< the ,i9ht represented by arrow 23 an ^ 
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some otheramouLep^dllgo^renatu^o by 9 ° de9reeS <°' 
is in a fully energized condition, it would not rotate the ZToTn'^ZT 1 nemati ° ' iqU '' d ^ ce » 
5 operation could be obtained by using biref °n^ ,? * " 9ht inCident thereon - Similar 

providedfor residua, retardation ^^^^l^^^^T^ 1 ' com P ensa «°n may be 

pensatiorimaybe^^ 
reja^tothe rub direction oi;^ 

» -- a P^^ 

axis)ofthe switch 11. ForexampteJfLswtch lT^ 

of the light 23 may be parallel or perpendfcular to thTmb d^ton rf/^K T?** ^ P ' ane ° f ? oi ™«™ 
switch 11 wereabirefringentliquiL?^^^^ Ifthe 
patents or in U.S. patent No. 4%2,3^ wSfe^ , 
* 23 may be at 45 degrees to the rub S^to^Z^^^T; °' P olar,2ation * 

the axis of the half wave plate would bSedtoon, Lif h P *V 8djUSt P ' ane of P olari z*ion, for example, 
of polarization of the light' 'incident on the S^Z^Z^^ ST" *~ ° f the *™ 

the half wave plate. P " d the angular onentatlon desired for the light output from 

enters at a right angle to the face 32 TheToh ll is ]Z£L tt t 2 ^ Wt ha " d face 32 thereof - The 
view of the birefringent nature of thecalcie ^£j!ZSS^£ polarized components 33, 34 in 

component 33 has a plane of polarization or JSl^T!'? ? 34 are ° riented such that 
-P-ented by the do/shown in Rg^^^ 

however, the iight component 34 a,soencou 9 n^ 

Therefore, the light component 34 is refracted and its path is def^d ( t^Z !l J * a right ang,e - 
thecrystalon its travel through the crystal 30 as is shown n S ? < ? L cha nged) as it enters and leaves 

sometimes is referred to as the rub dfrecttor i alC^S^ t ^ Cfe " (S) haS <have > an ^is which 
Using such a liquid crystal cell i the systms a ^IV \ ° ? * T ^ ^ etC " ° f the crystal cell, 
direction axis oJthe polarizer 12 ^or ofTe ^ (transmission 
switch 1 1 . Additionally, preferably the projection of the llTtEL C «S . t ?<2f ■ ^ e X ° 8Xis of tne 

ojthe switch H.These relationships l^^^^S^^^^ 1 ^^^^^^ 

{TiissSSaS 

CRT 2 and polarizer 1 2 is shown as horizontal at 40 However ^ueh dnw^in i w crystal display 20 or by 

thattherelationshipbetweenthataxisandtheaxtof^ 

11 be at a relative 45 degrees thereto. Such 45 decrees TlS 

switch 11. In fact, such axes 41 42 mav reoreLmth Jit ^ 0nsh,p ,s f hown ^ the -spective axes 41 , 42 for the 

oysta.ce.i, the two being Nr SS^^rSSf? °' ° 

calcite crystal 30 are shown as horizontal and vertical However 'X£r£2 SS 1 ,?T Th6 8X88 431 44 of the 

of the drawing and it actually is the projection* 

-horizontal 
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sW«ch1,Thedescribed^ ' 
is exemplar and it will be appreciated tha ^ r .^^mZ^ described may be employed. Also, It will be 
However, in the idea, simplified cas * d *^ of a particular axis. Such compen- 

^TwS^ 

Lted by the axis lines 41 , 42, '°- xa ^°^ switch (and parai.e. or perpend.cu.ar 

refractingmateria. 10 is at plus optica, signal will be moved up, down, left or ngh 

p.ates may be used to convert plane ^^^° C ^ZT^ path ? an d/orthe switch 11 used In the invention 
oftheoptk*.coup..ngoccu^ is shown having the light outputS2se.ect l vei y 

[0055] BrieflyrefemngtoF.g.5A,theelectro-^^^^ is ln the high voltage (no rotation of plane of 

switched between the location of the arrows 5a when 11 ^ , aM ^ is in the low voltage (polarization 
poUat.on)stateandthe^^ 

rotating) state. The light representedby arrow 5a is ho nzoma y p energizing and de-energizing or in 

is verticaliy polarized, as is repres ented ^tes, which switch the polarization charactensfc 

^Amod^iedopt^^ 

described above, in combination wrth ™??Z£*Z^ 

polarizer or some other device wh.ch can d-scnrnmBte b ^ e . en e t ^ h ()f the electro . op tical dithering system 1 include 
Section of plane of po« 

^eS 

[0057] The incident light 4 is received from a light source or W^™^ birefringent material 10 is divided into 
hat delivers unpoianzed light output. Such ^^^^X^ and « is transmitted thr0U £\ the 
two components 61 , 62. The light component 61 js horeortany P°' rized ,„ the vertical dire ct l on I 

oTrefringe'nt material 10 wtthout ^"f^ s'hown representatively in Fig. SB. 

Jswitch 11 the light components 61 , 62 are 

direction that is parallel to the transmtssion axis of the ^anaiyz er ^ ^ ^ ^ smA „ ght 

, other light component will be blocked. " fZ^^o L* the plane of polarization of the light 

at a raspactlva location raprasantad by ana of the .eurow. of . ^ cn , 8tal dlsplay 
updated periodically, for example, 60 times per second . examD | e is doubled to 120 times per second to re- 
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to connections or components of a liquid c^isplay s^ "[ ° ther e,ectrical 

between adjacent pixels P y ' parte of an act,ve matnx arrav . ar e located, usually 

dithering system to shift'the looaZ 5£ ow P SCi tSESS STSS?.* - T """""O 1 "*' 
'» even raster lines, while linshlfted. can be refreshed or SdLrt S , ™ P ° 5 " m,i eS5e ™ all >' *• °dd end 

While shifted, can be refreshed o opdafeS ?££L 2 ^T^ZT^ ° dd " nd «" 

are exemplar,; others may be used P UpdMe " ,e,reSh " mM ° r ,atM Presented here 

20 subframe (field). Subsequently the even raster \inT 2L ' ^ ! St6r " neS 8re SCanned to Produce a first 
information produced during t^ J 001 ? SUbframe (f ' eW) * 

complete an image (sometimes refe^dTo aTa ra^ 

subframe and the next is sufficiently fast that the J^mJ^X^ZS^t^ " Pr ° dUCin9 006 

subframe images to see one complete (composlS image ^^^SJlSSl?- 72"*" *" * and SeC ° nd 
* spacebetweenadjacentraster.inescan^ 

Thus, for example, the odd lines can be scanned during the , l^5£i£ ^1^^ ^ ' mage in,omiatlon - 
second subframe; the odd lines can be scanned duZ . Vwrd * .hf^lTI '* h ?t Can be SCanned durin 9 the 

optical dithering system 1 is operative . of iS l£2TtE? dU ™ 9 ^ the switoh 11 of electro- 

of odd and even raster lines; and finally during r-tSi^^^^ 1 ^ adj8Cent PairS 

.ransmmed£„«m„ ^I^^^ l ? h h ' 80U ,' Ce 12 ' ^ " 

described above, the resolution of the optical display system 99 shown L Fta b> J h com P leme "tary, as was 



EP1 111 575 A1 



. c> v Q nri a are in a relatively horizontal relation showing dithering In a vertical direction 
[0067] The parts shown in Figs. 7 and 8 are in a M ^ tf deslre<J muttlp|e elec tro-optical 

It will be appreciated that dithering 0 ° b £ in D oth vertical dithering and horizontal dithering 

^Tpt^^^ 

respective rows of pixels of the LCD_ . h uces |jgnt output ln pu , se s or sequential 

l00 69] The light source forthe LCD 100 may be a P u ' s ^ ou ' bu ^ ts of tne , ignt SO urce with the LCD and/or 
bursts, in such case, it is ^^^^X^S^t^ °< light when the light source Is 
with the EDS 1 . Therefore, the respective P ixels * ™ ^ " source „ transit ioning between a light transmittmg 
producing a desired light output. The amount of ^^JVJJ'^ the LCD WO uld be operative to transmit or to 
P or light b.ocldng state may be reduced 

block light when the light source .s produci ng ^ Intended ( W outpu t image, since the shutter 

further enhances contrast of the ^^*£'™ erner a one< i synchronization. Two examples are shown, re- 

[0 071] Various ^ ^e "s^ ln the dispiay system 140 a blanking 

spectively, in Figs. 9 and 10. In F.g^ 9 an y y 6 EDS buffer circuits 142, 143 to synchronize operation 

puisefrom a source 141 is suppl.ed to respechve LCD transmitting or blocking state, for example of 

of them. The actual information signals fronn hne 144 indicating £M « ^ ^ ^ information 

the pixels of the LCD 1 00. for example, as is shown in Ffes. 7 ^and 8. am synchronized with the blanking 

gnals are not delved to the ^^^ r ^^^S^^ from l<Vl« to dither or not the 
pulses. The EDS 1 is connected to the EDS ^^^^Sm^ puli from the source 141 to synchronize 
optical output from the LCD 1 00. The EDS buffer also r ^ eN a e ^ ^Looeration of the LCD buffer and information 
dSLeryoShe signals totheEDSwHh^^ 

signals delivered to the LCD. The buffers the buffers can be directly coupled to each 

,21, for example, receives pulsed power Irom a power supply lov_« 8 h ^pe^i, 
pu^ed power ^ >»-~ ^irS^JTS^SSSSiS By ^ndMnt*.*- IXSD 

LCD is not in the process of switchin g display ^ e *' _ . ^ in ^ e vari0U s display systems and embodiments 

or a monochrome display system would be, ^£^"J^£jSm can employ the above-described type of 
oration for a multicolor, such as a red ^^^^SSm being displayed by respective pixels of such 
operation for each color. Therefore, when ™ " a S^Sid wrthout displacement or with displacement in the 
a color display, the optical signal output can be ^^S^J^a^2X», e.g., similar to display 202, is 
Inner described above. As is ^^^^^^L each including a red, green and blue pixel 
shown including three representee ■J^^^^.Sw mode in which respective red, green and blue 
portion. The display 202" may be operated in « Jff nS pixels of respective pixel triads 281 , 282,583. 

. frames or images are produced in time W-n^lnth- case green and then blue pixels of 
etc. would be red where it is ^"£™™££ ^ gree" and blue pixels of respective triads can be<«s- 
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mn^f u ' nCreaSe reso,ution of the output image in the above-described manner. 

100751 Howpupr the Fn? mo„ h„ < n 



rnn™ u / nv> "- ««^ui image mine arjove-aesenbed manner. 

light, a s.gnif,cant enhancement of the apparent resolution of the multicolor display can be achieved bv nn^S^ ? 

conditions described below may be coWa^ ^ T^Z^n ^ ^^ ^ FT*** that the four output 
display system in a way dKferenlfrom the -^^SS^ST " T ^ °' * *«" 

643 includes a quarter wave plate 654 and a third birefringent devfce or nSZS'^SS^i T T*"" 

650,65 2 mayberes P ectivesurfacemodebirefringentliquidcrys^^ 

herein. The first, second and third birefringent devices 651, 653, e^may b^^ 

roS 8 ' ? a H ng "J ° riented 9en6ra,V in the manner "Crated and tipped ^S^S^^" - ^ 
[0080] In describing operation of the optical display system 640 reference is m»ri* tnT^li ! ^ 

the display 645 and via the respective active dithering systems 641 642 Therefore akk 7^1 fn 5?S? 
input to the passrve dithering system 643 is shown in soiid lines and *e1ou S£J shown fn dotteS P"* 

adjacent thereto. For example, the pixe. provided the passfce dithering system ^^^^^^IS 
.s represented at 660, and the drthered image 660" is shown adjacen? thereto in dotted Hnef T^e oasll ShZ 
EE °pT eS in t the h T" er ° f the PaSSiVe ditherin 9 s * stems describe * above, fo"examp!e ' henn9 
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fields to produce a frame. The second .me o ^^J^^^m^ of light transmitted therethrough, the 
650, 652, both being at h.gh voltage so as nor to rota ^ ^ pixe| fey ^ passjve 

resulting vertical downward displacement cause lb ^J™™^' 66V . |n pixels 660 , 660", the two digits 

the switches 650, 652, direction of plane of polarizat, the primed pixels representing the dithered 
of the Chart I below in order to achieve pixete 662 ,662 ^^JJ^J sjze 663 plus 663 -. As was mentioned 
images that doubles the ^,^.^1^ a function of the birefringence and/or optical 
above, the amount of shifting or translating of a Pj^**^^ plate s 651 . 653. 655. Also, in a conven- 
thicknessoftherespectiveb^ 

tional video system there usually is no horizontal ^ehacing. . ^ effect super imposing respective 

662, 662', 663, 663' may represent images ^^^^ ^Jnc^giy effective size of each pixel, such as by 
colors, as is described further below, or some ^PJJ"*™ SSmo, 660', can be used to improve resolution 
doubiing it to increase pixel 660 to the effect ^^^^SS^!^ of pixels can be used to cause a liquid 
by effectively covering 

=no?ap=^ 

an LCD, remains fixed is that correct date can be used Jo drive ^e pix P ^ pixeI 

relatively accurate following of the video signal. ,n \ »^" n *£^ representation of the data received from the 
may average the two fields of a 

video signal. However, using a dithering system ' " accoraa k rticular fie |d of a frame to provide 

driven based on information from the video signal I intended to dnve tna P " when ^ |mage output of the 

appropriate input signal. ditherinq systems of the optical display system 640 is ft possible to 

[0085] Using the two active and one P^^^SyK provided at pixel 660, for example. Such eight copies 
obtain eight copies of the original image if dee . ed namj aly t M pre via p ^ ^ ^ 

maybeobtainedfor every fieldforeve^f^ 

the size of the pixel 660. In another embodiment the dat ' P*£™ q approp riate time to drive the pixel 660; and 
that operates the pixel 660, e.g. to turn ft on or f ■ ^^^JSJlCplS oS the incoming video or analog signal 
subsequently the pixel 661 may b e 0 P°f^ of a conventional NTS or PALsystem 

representing the desired operator ' of the p«e 661 for nte riaced f ie.a p qR ^ ^ ^ 

However, additionally, if desired, the irrfonnat on from the '^^ ^ to resent tnat pixe , even though that 
off or intensity effect of a pixel presented ^^^^^^ L pixel of the display 645 that produces 
pixel physically may not be in the display ^^^"J^^^^ia^ LCD there may be two relatively 
Pixel image 660 shifted to the location of £«J^«^£* wouW b picked off from that video signal to drive 
adjacent pixels, and the information from the j'^J^^^V be information contained in the video signal 
the respective pixels at the appropriate times I «™™ e ^™^^ em 640 from a pixel located between the two 
that would represent a desired optical ^ 1n ^V^^ t ^S B o signal that would be used to drive such 
mentioned pixete. Thepresent inventton allows the "J"™^ S^^^S^>-^ «~ ~ " 

of the information carried by the input video signal, etc. 
Su perimpose d Color Operation 

I.0S6, ft**, .o H 9 . U .here . . ^J*- S^SSS^tS'"^^*' 
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rows are shown 



Pixels of the indicated colors. The sequence oTcdbrs is red qreeS and Sue in tTr ^TJT *"* m fiVe 

-tdir^^^ 

oolpu. from the disp,ay as yarned byiheinpu, video s^to^S^a^^^il"^^ 

[0091] As the d.splay of Fig. 15 is operated as part of the optical display system 640 to duplicate obcel im^* a h, 
desired type of visual oefput for the o ptlcal display s^ern ^ supenmpoelng of pixels may provide a 
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orientation^^ 

Lpnchtothe^^ . 
blue pixel Ba. In shifting that pixels tria pitc , t ^ ^ ^ superimpose d over the green pixel G, and one te in 
to the left, two respective pixe fen 'SmSSSX adjacent to the blue pixel Ba. Such shtftingprovides 

the gap between the blue pixel Ba and the red pixel R ' respective color pixel images as was described 

bothforfillingtheopticallydeadspaceande^ 
above.Theshittingofpixelimagesve^ 

rows of pixels and some in su P er,m P% e *^^ "ead mounted viewing system 705 in accordance with 

[0 094] Referring to Fig. 19, a Person 704 « si hown we *m ^ reality viewing system having one or more displays 
he present invention. The viewing system may be part ^.rtuaU Jf mmuplcations sy8te m, entertainment 
which are viewed by the person. The ^wingsys ^J^, can be presente d for viewing, projecting, photo- 

K a « : m^^ 

viewing system 705 are included and a m ^' n ^ 

supportstructure.eto.Themountlng^ of an ima ge presented by the 

7(£ placing the viewing system 705 In ^mounted, or otherwise supported, for example, 

view!ngsystem705. V^^v^^^^^ a console 9. etc., preferabry the viewing system 
from a pedestal, tripod, frame, etc., from a tab e from the too moving tranS p 0rtin g, mounting, 

705 anS housing705h thereof is ^^^'^^^r ffniu^. * especially should be relatively light- 
and/or holding. If the viewing system 70S i is to be £md held or he ^ viewing system 7Q5 

i^h^^ 

appreciated that other dimensions may be used ^ tQ fi contfo| boXi console orth e 

.00961 In using the viewing system 705 it may be neaa mo """ > telecommunication system, 
rforexampie'simiiartothemainbodyof^ 

[0097] Turning to Fig. 20, the viewing system ^'^"^ The viewing portion 711 is intended to be viewed by 
705h ncludes a viewing portion 711 and a support PPrttanT12.Tta ™™£> hand of ^ ^ . 

an eye 713 of a person 704 (Fig. 42), ^^^^^^^^ ^ SVStem 705 *" ^ * 

™t=^ 

an image source 715, such as an LCD, that provides .mages ° r v '*™^ 

he dilplay 724d, and the display la tum,pr«en» "-J* J, Image sources may be used, examples 

be described la greater detail belo« It will be «»Mt etcher typ^ ^ ^ dfep| d 

being cathode raytube displeya. other l,qu d ^<*^*°™ app ,L,lons. Aconnedion cable 728 provides 
Ugh, sources are presented In the abo»e^.ren«d ~^ n *^™ ^ „ ^^a, ,„ the Image source 715 and 
eLtncel and/or optical signals an*or powjrtt 713. A control system 729 la coupled to the 

^rtLmadzm, such controlled operas, though, the dlspfc, 72dd may be a «~ ~~ «" 
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as is described farther betew. Therefore, Sohiol ISl* .S^l J" < """" Pte ' °' <^n, ' anC<!,1 reSOlu,ii>n ' 
optical switch which operates at a different soeed f«ct™ ^ ! 9 the ° pt ' Cal SWitch - ^rdlngly, the 

« and, if desired, may be part of the mentioned o JrrtZ In I , , 9 9ht haV,ng charact eristJcs of an image 
asma..,iauidcWa^^ 

shown, the image source 715 includes a Iqu3^c^S^S£^^^^ ^ 
to form images for viewing by the eye 713 Mernativerv tS^/nl l "plates hght from the light source 724I 
one or more images or light having image 'SS^TZ^k ^ MpiOTt * lmd Simply USed to orovide 
*> shown in Fig. 1 , ora headmoun^pTay ^SSSS^T^h?^ * Vi6W, ' n9 ^ 7 ° 5 ' SUCh as that 
of the optica, system 714 may include Jnearpo ^ 

lensesormirrors.prisms.filters.shutters ^S^^t^ , SSZZ' ^ ^ ^'"9 elements, such as 
a partlcu.ar type of output image for viewing by ^ 

ss 22 co r onente are described ^^^^^^^^ embodiments usin9 such addrtional 

crystal silicon active matrix array "P""*'* °"e ut.l, 2( ng a reflective liquid crystal display made from a single 

Fig. 21 and in a number of the other drawinn fin.,«c tZZZ «, / aVels to the Dear nsplitter 722. In 

SSrS^ 

< =~v^^ 

Exemplaryretro-reflectorsarewellknown OnTLZL^ ZZT " J?"* ° f retr °- reflec «n3 material. 

ofcornerreflectors.Anotherexampte^ 

on or in a support. An example of a retm^e lector i 

materia, is sold by Refiexite Comoraln of S Brftain ConnSuT Th f ^'** ° f comer cube « which 

seven thousand comer reflectorTper squared Connecticut - Su <* catena! is available having about forty. 

pass through the beamsplitter 722 and are directedfo^a^ 

21 . The eye 713 of a viewer (person) can be XceVaoo ^T r Space des, 9 na ted 828 in the illustration of Fig. 
lens, individually and collectively ^es^r^ated 7^3^ o^^h^^ev^ accordiivi!^'' ^ see the image, and the pupil and 
focuses th (ight incident thereo L s ^ Cnl laTCm " ^ * *" ^ ^ ^ 713a 

Graw-Hill, 1976, for example, using an exemplary Droie^L ^nT ^ ii ^S?' Fundamen ^ Of Optics, Mc- 

rays of light are actua.ly brought foa SS^KISiti? is 5^1? T^* °" 8 ^ T1 » 

beyond the focal plane of a iens; the rea. image fcforrr^ IT^^S^^^^^ object is placed 
to the focal plane of the lens, the image moves farther and is enlarged in ~ , J ^ 8 m ° Ved Closer 

is between the focal point of a lens and the lens itseff ° ** 8 ^ ' mage 0CCura tf an •** 

-r.ect.on by the refro-reftector afong the 
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re,,ected,n,hesamepa*andoppos,e~^ 

^e^mS^ 
72 fandretro-refl^ 

[0111] Usingthe described conjugate ^^^SX maximum amount of light is directed to the eye 
source 724 and focusing optics 721 is lost and, conv ^ e ^'^ y 6n conveye d to the eye. Furthermore, especial* 

Sr^Ho 21 thevlewedimageeSO^^^ 
^IsVIg^edfo^^ 

approximately at the retro-reflector 723. and this is especially ^ae .r ^ ^ ^ wh(ch hftS re|atlve|y low 

m when aTelat^hr low quality 

resolution or accuracy of reflecting light .n * c ™>^™™ *™ n jmage not be ing focused at the retro-reflector it is 
ncident light. With a low or poor quality retro-refl 
P^StLtoomuch^ 

L qualrty of the image seen. However, the ^J^J^ and tni8 te easier to do while maintaining a good 
retm- reflector (relate to the eyeV ^ good ^ one. The better the retro-reflector, the more self- 
oualitv image for viewing when the retro-reflector is a gow h j TOision at the retro-reflector. 

the optica, system 714 and the less the need t ^ocu. £££ Qf „ M reflected . For example, a 
£,13] Retro-reflector quality may be indeed by ^^l^Zsoite^sp^ a^rnM^ 

fe« Inconsid^^ 

The light produced by the image source 724 ^yE*^!,^ on the beamsplitter 722 be reflected and 
Dolarizing type, then a balanced situation '®^o have ^P^/'v'J'* ljj^ a |, 722, 50% is reflected and sent toward the retro- 
5S transmitted. Thus, of the light 827a inc ^^^Zm Ihe retro-reflector 723, 50% of the light will be 
Sector screen 723 as light 827b. Of the reflected light 713. This configuration of the optical com- 

SnTmitted through the beamsplitter 722 ^^^^^y.Vm-«^ of 25% of the light produced by 
ponents 720 of the display system 705 can ^IIVo^^ 

the image source 724. If desired, the beamsplrtter 722 can be ™ a m » y an anti _ reflecti0 n coating so 

alent onrre light pro^ 

^325 from or provided by or e, .he ^2^0^^ sle ofthe image 630 seer, as the arrow 83, 
s focused by the focusing optics 721 oplics 721 and the disuwces between the image 

, tX retro reflector 723 depends on the focal length of he focusmgop ^ ^ 

souni 724 and the retre-retlecto, 723 from the fo^ po,nts retellve tt the )o(:us ,„ g opto 721 such 
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10116] The optical system 714 Is open£le,o X*. J£« o^T^ rT^*^^ 713 ^**^ 

is optically superimposed on the lens 713a of fte eye P 6 f0CUS,n 9 optics " « ^nse the lens 721 

S"nT~ such as focusing 

invention presents visual information ^^^^^^TS^ 7* **" an0ther Wa » tha 
>o optics 721) and reflecting the light back aZ^at^eXt^!^^^ "V™ m ,enS (f0CUSin 9 
lens which was in the original path, but actually direcE ref LSd^h? COrrespondin 9 to *at of the same 

Sat^Sr^ 
'* as seen by the viewer be located at such distance e o 1^1 tl° I Tff * ' S deSlrab,e that the flnal '™ge 
This can be accomplished in the manner iTdZ™.' Sf 'J f Pproximatelv ln °"es from the pupil 713a of the eye 
(notshown)betwee P nthebea^pTr72L 

behind the retro-reflector, as is described in severafoMhe 1LH T ? 7 ^ PerS ° n t0 See a virtual ima 9e 
further spacing between the eye andTe dp^ A,th0Ugh in viewing devices 

obtain desired eye relief, the use of theTens ?17 at7eZ^lS TT T"** th6 eye maV be desired to 
acceptableand reasonably comfortabl bemuse Sat ^S^^^^ll^^^^^^ 
people ordinarily relatively easily become accustomed approximate s P aci "9 °' ordmary eye glasses to which 

- trated at 901. The'dfcplay is i.ius- 

724d in Fig. 20, optics 904, such as that shown at 714 !n p? n 9 n # T P SV 903, SUCh as that snown * 

which may be part of the control 905 or a separate sou™ ■ 9 u ' d a " image signal source 9 °6, 

Photodetector 907 also may be included ir! X ^Jstem Tot 90818 * ° ther 88 may be A 

display 903 may include polarizers wave states « 1? * f Sb ' e t0 m ° dulate n 9 nt - The iia -^ crystal 
* P-satingforresiduaibirLngencer'orpr^ 

devices which modu.ate light as a function oTsonT tvoe of 11° °? ** V' 6 *'" 9, ^ 0ther ^ display 
ce.,903.Exemp,ary,i q uidcryst^ 

--P^rovt:^^ 

ormore lenses which focus an image for close 2h ° h ST hI 9 ' SU ° h ° PtiCS 904 mav be one 

reality type or multimedia type, orffr vfewta e TasVll*^™ fT - * ° f 1,16 he3dS Up disp,av 

903 to produce desired images If desired ,h. a.! ™«'appropnate control, circuit, etc. operates the display 

light,e. 8 ..amonochromatictypeofoperatlon Exemr^w f«?^ ^ 8 ^le light source or color of 

Other exemplarytypea tfoZtlon ^^Z^^^^'TT MU ^^ W ^ 
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.stored t^^^ 

LtS ^es^n be produced by ^^ff^ffS^m^ is informat.cn indicaflng brightness of 
[0127] in a typical input signal comput er control 905 is operative to compute the 

he light to be transmitted (or reflected) at a "EJJ^JJS. I suc h computation to control the intensity or 
brightness information of a particular .mage or ^ne an 'n respon contr olled in this manner, the 

brightness of the light source 

computer control 905 operates the liquid cryst airplay 903 to moa g be used tQ fQm ^ 

pixete used to transmit light. Therefore, the full "^^T^,^^ , igh t source is relatively dark. 
Lge or scene even if the brightness of the scene as jndto L various levels of illumination. 

[0128] information coming through from the ^^J^^ 90 *cmt*to*^«*<^ 
There usually is a blanking pulse and a data I ne ^^J^ data lines of the scene) or all of the p ixels while 
electrically or an integ ral of the htness of the light incident on the display 903 Is 

electrically skipping the blanking. Etased I on that hayln ordina(y 8killln the art would be 

r bte r P z^ Je9rai functions and to use * 6 resute 

integration to provide brightness ^^^^te apparatus 901 , including the computer control 905, 
[0 l| 9 ] From the foregoing, then \V wvitl be apprec d ding tne contrast ratio. Thus, the same 
s operative to control or to adjust the brightness of a scen * is adjusted. For example, the same contrast 

confrast ratio can be maintained while 901 , whether deputing a scene of a 

mi31 Powe, requirements of the apparatus 901 car^ be J K(ns a,^, a,, intensity of the 

„, ,, g ™ produeed h, .he seu^™^^^ 

of the source may be increased. . e . pm _„ ordinq t0 the invention is illustrated at 901 '.The display 

[0133] Turning to Fig. 23. a light reflective display system a ^™9 . for jection or vie wing of the images 

system 90V inciudes a light source 902", liquid crystal *pkqr^| signal source 906. A photodetector 

created by the liquid crystal display 903\ a computer control 905 andj m ijn g 8 ^ be ^ game 

907 also may be included in the system 901 . The various parts ^^^SSSlD above The light source 902' and 
o^simHar to "hose disclosed in the U.S. patent appl.cat.ons and patents referred application Serial No. 

S spTy 903" may be of the type disclosed in ^^S^uT!ZZZ 5.541 .74? mentioned above). 
08/187.162. entitled -illumination 8SP««^"2J L" s ^ o^cSariy polarized light 902a' and a choleric 



device. 

Full Color Frame SeguentiaJ Illumination System and Display. 



runooioi ria<>'" — • — : 

Turh^R^sra.eoior^pia,^^ 
the display subsystem 91 9 the illumination system 92 J^"™ S ^™ vide red, green and blue wavelength light, 
ength Fo" example, three separate light '^J^^^ZZL^ red, green and blue, respectively, 
respectively, or light that is in '^^^^^^^^L, sources of red, green and blue light or 
The light sources may be respective light emitting _d'odes or they may subsystem 919. The cholestenc liqu d 

other respectrve wavelengths of light, as ^£%£*££ZZ» to reflect red light; the reflector 908b is able 
crystal reflector 908 Is able to reflect green llg^ 

to reflect blue light. Such reflection occurs when the ^^^^^or. The reflectors 908. 908a. 908b 
as the twist direction of the cholestenc liquid crystal material in th ? r p ^ of jncident | lght . 
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t I »"*n"ate<l ^ the respective colors of light are output from the display subsystem 961 and aiTntJnSfJ 

eyes 964, 965. A mounting mechanism, such as temple pteci 9^967^fa nose S3^S^?h 'Tf 
mount Bis display 960 on the head of the person. M n<l9e 968 may be P™"** to 

[0141] The control system 906 In conjunction arith the display systems 961 962 ar. lnt.nrt»H t «. • . 

viewing ,by the eyes. Those Images may bo monochromatic. The ^^^ZS^^TJ^STJ^ 
dimensional ortheyrr«yprovidaalhre.dimen 8 lonal,stareo 8 copk ! e«eotstareos ro ^^^ 

the control system 905 operates the display systems 961, 962 to provide T^re^^ot ri^ »S , ^ " 
that are sufficiently distinct to provide depth perception Rioht eve "leZTtaS^^X^^fL W1>ye ' ma8e * 

[0145J Fig. 28 is similar to Fig. 27 again with average constant lamp light level. The average light level is produced; 
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th eave rag e brigM ness output ^mm^^^^^^^^ 

SeZid cU> cell; the viewer sees a dim low contrast fen** ^ ^ ^ represent applylng the 

[014?] Figs. 27-29 represent operation of a sta "^^^f^ 
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Claims 

s TO eapp a ,«. U so,c l a, mSl o, 2 ,cHe ra c,eH 2edi n.«. e pa 8 s i ved W co m p rt ses aM p 0 n. 1 d te p B , 
4 TI , ea pp a ra, U so.c te . m s^,c har »c,e ffi .dln Mt . h epass W d l sp,a yte av,de«nnon«.r. 

7 ^appa^=.o^1<«^^^' h ^^ tea ^^ dteP ^ 
view display. 

' of which provide different color light. 



halide lamp. . ; „ 

color characteristics. 

or gray scale of the displayed image. 
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eontrolNng power provided to the light eooroe to reduce output thereof for relatively dark imagea. 
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A DOT MATRIX LCD AND THE SHADE 
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